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0 Umited slip differentiaL 



0 A limited slip differential (10) includes a differen- 
tial carrier for supporting rotatably a differential case 
(12). sun^ounding the differential case (12) and first 
and second frictional materials (18^0) and having a 
piston chamber (60) connected to an outside pres- 
sure source, a first piston (26) disposed shiftably and 
unrotatabiy in the piston chamber (60). a second 
piston (28) disposed rotatably together with the first 
frictional materials (18) and shiftably along a rotary 
axis of the differential case (12) and a thrust bearing 

^(30) disposed between the first and second pistons 

< (26.28). 

o> 

00 

i» 

CM 



OL 
lU 



F I G. 



68 4r » 20 2Sa 25b 18.58 

^ \ /flftffillfial^ f*6.5022 e 72 I 




40 41b 4la^4ab 54 56 42'34 



Xerox Copy Centre 



1 



2 



UMITBl 



BACKGROUND OF THE INVENTION 

Reld of the Invention: 

ITils invention relates to a limited slip differen- 
tial and. more particularly, to a device for limiting 
the differential motion by utilizing firlctional force 
generated through the contact of a plurality of 
frictional materials by the external operation. 



Description of the Prior Art 

There have been proposed some types of de- 
vices which limit the differential motion by utilizing 
the frictional force generated through the contact of 
a plurality of frictional materaiis by the extemal 
operation. 

The first type of the device has been disclosed 
in the Japanese Utility Model Public Disclosure 
(KOKAI) No. 68846/84, which comprises a hydrau- 
lic cylinder disposed at the outside of a differential 
carrier (hereinafter referred to as carrier)^ a lever 
operated by the hydraulic cylinder and engaging a 
hub in the carrier to shift a side gear in a differen- 
tial gear through the hub and a plurality of frictional 
materials disposed between the side gear and a 
differential case (hereinafter referred to as case). 

The second type of the device has been dis- 
closed in tiie Japanese Utility Model Public Disclo- 
sure (KOKAI) No. 70952/84 and tiie Specification of 
U.S. Patent No. 3,894,446. which has a pump pro- 
vided at the outside of a carrier. The pressure 
generated by the pump is directed once to a shaft 
supported rotatably in the canrier and further di- 
rected from tiie shaft to an operational chamber 
provided in a member supported rotatably relative 
to the shaft, thereby permitting to contact frictional 
materials with each other due to this pressure. 

The third type of the device has been dis- 
closed in ttie Japanese Utility Model Public Disclo- 
sure (KOKAI) No. 73430/86, which comprises a first 
piston shiftably disposed in a carrier to be hydrauli- 
cally operated, a second piston shiftably disposed 
in a case and engaging frictional materials and a 
thrust bearing interposed between both pistons. 
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SUMMARY OF THE INVENTION 

In the first type of the device noted above, 
since the lever is supported in cantilever relation to 

5 a support portion thereof, the rigidity of the support 
portion needs to be increased and the assembling 
operation is complicated. 

In tiie second type of the device noted above, 
since the pressure from the outside pump flows 

70 through between non-rotatable and rotatable por- 
tions, a seal contacting the rotatable portion should 
be provided. However, the seal is liable to wear 
and lacks reliability. 

In the third type of the device noted above. 

75 since a portion of the second piston extends 
through the case and contacts the frictional ma- 
terial in order to ensure for the second piston to be 
rotated together with the case and to be shifted 
simultaneously, a contact area of the second piston 

20 with the frictional material is small. Thus, the wholjS 
device t)ecomes large-sized to ensure sufficient 
contact surface pressure. 

An object of the present invention is to provide 
a limited slip differential gear which can ensure 

2S sufficient rigidity, dispense with a seal member in a 
rotary portion and increase a contact surface pres- 
sure of a piston. 

A further object of the present invention is to 
provide a limited slip differential gear capable of 

^ transmitting lange and small torques without relying 
on the adjustment of pressure in a pressure 
source. 

According to the present invention, there is 
provided a device, in which the differential motion 

35 generated by the co-operation of a case, a plurality 
of pinions and a pair of side gears respectively 
disposed in the case is limited through frictional 
force resulting from the contact of a plurality of first 
frictional materials engaging one side gear with a 

40 plurality of second frictional materials engaging the 
case, comprising a carrier supporting rotatably said 
case, surrounding said case and first and second 
frictional materials and having a piston chamber 
connected to an outside pressure source, a first 

45 piston disposed shiftably and unrotatabiy in said 
piston chamber, a second piston disposed rotatably 
together with one of said first and second frictional 
materials and shiftably along a rotary axis of said 
case and a thrust bearing disposed between s^d 

50 first and second pistons. 

According to tiie different features of the 
present invention, tiie carrier is provided with a 
piston chamber and a fluid chamber having a pres- 
sure receiving area smaller than tiiat of tiie piston 
chamber, botii chambers being respectively con- 
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nected to the outside pressure source. On the 
other hand, the first piston has an auxiliary piston 
engaging shiftably said fluid chamber. Said device 
further comprises a directional control valve which 
is changed over to supply pressurized fluid from 
the pressure source to said piston chamber or fluid 
chamt)er. 

In a preferred embodiment of the present in- 
vention, the carrier is constituted from a first carrier 
surrounding said case and a second carrier sur- 
rounding said first and second frictionai materials. 
The first and second carriers are individually pro- 
duced, the second canier being fixed to the first 
carrier. 

When the pressurized fluid is conducted from 
the outside into the piston chamber of the carrier, 
the first piston is shifted and then the second 
piston is shifted therewith, so that press force is 
added to the first and second frictionai materials. 
Thus, the differential motion between the side gear 
and the case is limited. When the supply of pres- 
surized fluid to the piston chamber is stopped, the 
relative rotation between the first and second fric- 
tionai mat^ais becomes possible to provide the 
differential motion. 

When the directional control valve is changed 
over to conduct the pressurized fluid to the fluid 
chamber of the carrier, sm^ force is added to the 
auxiliary piston of the first piston and the small 
torque generates between the friction materials. 

Since the piston slides in the piston chamber, 
the rigidity thereof may be sufficiently increased. 

Since the piston chamber connected to the 
outside pressure source is provided in the carrier 
disposed fixedly, any seal for a rotary portion Is 
dispensed with. 

According to the preferred embodiment the 
first and second frictionai materials and second 
piston for the action of differential limit are dis- 
posed in the second carrier and their shapes can 
be at will selected irrespective of the size of the 
case, and tiie second piston does not need to 
extend through the case. Therefore, the contact 
area of tiie second piston with the first or second 
frictionai material may be sufficiently enlarged. Ac- 
cordingly, the sufficient contact surtoe pressure 
may be ensured to provide a compact device. 

When the piston chamt>er is formed to have a 
large length compared with a stroke of the first 
piston, the working tolerances of the second car- 
rier, first and second frictionai materials and sec- 
ond piston, etc., may be absori^ to omit adjusting 
shims which are usually necessary when a plurality 
of parts overiap with each other for use. 

Since the piston chamk>er and the fluid cham- 
ber having a small pressure receiving area are 
provided in the carrier and the supply of pressur- 
ized fluid is only changed over with the directional 



control valve, large and small torques can be ob- 
tained without using a pressure regulating valve 
which is required high accuracy over a wide pres- 
sure range. 

6 

BRIEF DESCRIPTION OF THE DRAWINGS 

The otiier objects and features of the present 
10 invention will become apparent from the following 
description of preferred embodiments of the inven- 
tion with reference to the accompanying drawings, 
in which: 

Rg. 1 is a sectional view showing a limited 
75 slip differential, a differential gear being shown in 
the left half in the drawing; 

Rg. 2 is a sectional view showing a different 
embodiment of the limited slip differential, the dif- 
ferential gear being shown in the left half in the 
20 drawing; and 

Rg. 3 is a circuit diagram of fluid. 



DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

A limited slip differential 10 limits the differen- 
tial motion generated by the co-operation of a case 
12. a plurality of pinions 14 and a pair of side gear 

30 16 (one pinion and one side gear are respectively 
shown in the drawing) disposed respectively in the 
case 12 through frictionai force resulting from the 
contact of a plurality of first frictionai materials 18 
engaging one side gear 16 with a plurality of sec- 

3$ ond frictionai materials 20 engaging the case 12 
and disposed alternately with the first frictionai ma- 
terials 18. The device 10 comprises a first canier 
22, a second carrier 24, a ftrst piston 26. a second 
piston 28 and a thrust bearing 30. 

40 A differential gear 32, as is well known per se, 
is constituted from the case 12, said plurality of 
pinions 14 disposed in the case 12 and said pair of 
side gear 16 disposed in the case 12 to mesh with 
tiie pinions 14. The case 12 is received in the 

45 earner 22 to be rotatably supported by roller bear- 
ings 34. 

A shaft 36 has a shaft portion 37 engaging the 
side gear 16 and is supported by the case 12 and 
a roller bearing 38. In the embodiment shown, the 

50 shaft portion 37 has a spline 37a. The side gear 16 
is fitted on the spline 37a. As a result, the shaft 36 
is capable of rotating about a rotary axis of the 
case 12 togetiier with the side gear 16. The shaft 
portion 37 extends from the cannier 22 to the out- 

55 side through a transmitting member which will be 
. later descritsed. 
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The shaft portion 37 of the shaft 36 is provided 
on an intennediate portion thereof with a splme 
37b. A cylinder 40 is fitted on the spline 37b and 
sandwiched by a stop ring 41a and a race 39 of 
the roller bearing 38. The cylinder 40 is provided 
on an outer peripheral surface thereof with a spline 
41b. The plurality of first diskWike frictlonat materi- 
als 18 are fitted on the spline 41b and supported 
movabiy in an axial direction, but unrotatably rela- 
tive to the cylinder 40. The cylinder 40 functions as 
a spacer to absorb a radial difference of lengthes 
produced t)etween the shaft portion 37 of the shaft 
36 and the transmitting member which will be later 
described. 

The transmitting member 42 is provided with a 
first hollowed transmitting portion 43a and a sec- 
ond transmitting portion 43b having the expanded 
diameter. The first transmitting portion 43a is pro- 
vided on an outer peripheral surface thereof with a 
spline 43c. The case 12 is fitted on the spline 43c 
and a clamp ring 44 is disposed t>etween the 
spline 43c and the case 12. Thus, the first transmit- 
ting portion 43a cannot be rotated and shifted 
axially relative to the case 12. The shaft portion 37 
of the shaft 36 is disposed inside the first transmit- 
ting portion 43a. 

The second transmitting portion 43b is con- 
stituted from a disk-like sandwiching portion 46 and 
a cyiindrical support portion 47 press-fitted or weld- 
ed to the sandwiching portion 46 and extending 
axially of the shaft 36. A thrust washer 48 is dis- 
posed at the side of the carrier 22 of the sandwich- 
ing portion 46. The support portion 47 Is provided 
on an inner peripheral surface thereof with a spline 
47a The plurality of second disk-iike frictionai ma- 
terials 20 are fitted on the spline 47a and sup- 
ported unrotatably and movabiy in the axial direc- 
tion relative to the support portion 47. 

The first carrier 22 has a flange 52 fixed there- 
to by bolts 50. A thrust washer 54 is applied to the 
flange 52 and a thrust bearing 56 is disposed 
between thrust washers 48.54. 

The second carrier 24 has a bore 25a and a 
flange 25b. The bore 25a has a size to surround 
the second transmitting portion 43b of the transmit- 
ting member 42. Bolts 58 extended through the 
flange 25b of the second carrier 24 are threaded in 
the flange 52 of the first carrier 22, so that the 
second earner 24 is fixed to the first canier 22. As 
a result, the second transmitting portion 43b of the 
trnasmitting member 42 is surrounded by the sec- 
ond carrier 24. and the shaft 36 projects from the 
second carrier 24 to the outside. The second car- 
rier 24 has an annular piston channber 60 which is 
connected to an outside pressure source through a 
patii 62 and a tube 64 connected to the path 62. 



Ihe first piston 26 is annularly formed and 
shiftably inserted into the piston chamber 80. The 
piston 26 is held in Irquidtight by seal rings 66.68 
disposed inward and outward. The first piston 26 

5 has a plurality of pins 27 disposed at equal circum- 
ferential Intervals and projecting axially. These pins 
27 are inserted into holes 25c provided in the. 
second carrier 24. The length of each pin 27 is 
formed longer than the stroke of ihe piston 26. As 

10 a result, tiie piston 26 is supported unrotatably 
relative to the second cam'er 24. 

A plurality of coil springs 70 (one spring is 
shown in the drawing) are spaced circumferentially 
from each other and disposed in the piston cham- 

75 ber 60. The coil spring 70 is a compression spring 
for giving necessary minimum prepressure to pre- 
vent the frictionai materials 18.20 and second pis- 
ton 28 from axial play and inclination relative to the 
axis. Thus, the frictionai materials 18,20 and sec- 

20 ond piston 28 are prevented from the occurrence 
of offset wear and abnormal sound due to offset 
contact 

The second piston 28 is annularly formed and 
fitted on the spline 41b provided on the cylinder 

25 40. Thus, the second piston 28 Is supported un- 
rotatably and shiftably In the axial direction relative 
to the cylinder 40. thus the shaft 36 to be rotated 
together with the first frictionai materials 18. The 
second piston 28 may be supported unrotatably 

30 and shiftably in the axial direction relative to the 
second transmitting portion 43b of the transmitting 
member 42. 

The thrust bearing 30 is disposed between the 
first and second pistons 26,28. 

35 Referring to Rg. 2 showing a different embodi- 

ment of the limited slip differential, the same parts 
as those shown in Rg. 1 are designated by the 
same symbols and the description of said parts will 
be omitted. 

40 The second carrier 24 has the annular piston 

chamber 60 and a fluid chamber 80 having a 
pressure receiving area smaller than that of the 
piston chamber 60. The piston chamber 60 com- 
municates to an outside pressure source (refer to 

45 Rg. 3) through the path 62 and tube 64 connected 
to the path 62. The fluid chamber 80 in the em- 
bodiment shown is formed of a plurality of holes 
provided axially from the piston chamber 60 at 
equal circumferential intervals. Each hole commu- 

50 nicates to a path 82. A tube 84 is connected to the 
path 82 and the fluid chamber 80 communicates to 
the outside pressure source. 

The first piston 26 has an auxiliary piston. The 
auxiliary piston in the embodiment shown is formed 

55 of portions 86 axially projecting at equal circum- 
ferential intervals. The number of said auxiliary 
piston portions is the same as that of the holes 
constituting the fluid chamber 80. These auxiliary 
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piston portions 86 are respectively inserted into the 
holes of Itte fluid chamter 80 of the second canier 
24. The auxiliary piston portion 88 is held in a 
liquidtight condition by a seal ring 88 attached to a 
peripheral surface thereof. The length of the auxil- 
iary pis&vt portion 88 engaging each hole of the 
fluid chamber 80 is fomned longer than the stroke 
of the piston 26. so that the piston 26 is supported 
unrotatably relative to the second carrier 24. Name- 
ly, in the embocfiment shown, the auxiliary piston 
portion 86 has the functions of receiving pressure 
from the fluid chamt)er 80 and stopping the rotation 
of pisttm 28. 

The supply of pressurized fluid from the out- 
side pressure source is carried out not only man- 
ually, but also automatically by a CPU or computer 
as shown in Rg. 3. in the embodiment shown in 
Rg. 3, the tulDes 64-,84 are connected to a direc- 
tional control valve 90 which is connected to a 
pump 94 through a constant pressure generating 
source 92. The source 92 is constituted from an 
unloadmg relief valve 96, an accumulator 98 and a 
pressure reducing vah^e 100. Pressure generated 
by the pump 94 is maintained: constant in the 
accumul^r 98. 

The <£rectional control valve 90 is a solenoid 
operated valve. When said valve is located neu- 
trally as diown in the drawing^ both piston chamber 
60 and fluid chami>er 80 are opened to a reservoir 
tank 102. When a first envelope 91a is opposed to 
the tubes, the piston chamber 60 communicates to 
the constant pressure generating source 92 while 
the flukJ chamber 80 is opened to the reservoir 
tank 102. When a second envelope 91b is opposed 
to the tubes, the fluid chamber 80 communicates to 
the constant pressure generating source 92 while 
the piston chaml)er 60 is opened to the reservoir 
tank 102. The change-over of the directional control 
valve 90 and the pressure setting of the pressure 
reducing valve 100 are controlled by a CPU or 
computar104. 



Operatkin of Embodiment 

A ring gear 72 is fixed to the case 12 of the 
differential gear 32 to mesh with a drive gear 74. 
When a propeller shaft 76 is rotated, the case 12 of 
the differential gear 32 is rotated through the drive 
gear 74 and ring gear 72. The rotation is transmit- 
ted to the shaft 36 and an another shaft (not 
shown) which is connected to the another side gear 
in the case 12. 

When the pressurized fluid is supplied from the 
outside pressure source to the piston chamber 60 
through the tube 64. the first piston 26 is shifted 
and the second piston 28 is also shifted. By the 
shift ofjhe second piston 28 are sandwiched the 



first and second frictional materials 18, 20 between 
the second piston 28 and the second transmitting 
portion 43b of tiie ti^smitting member 42. At this 
time, differential limiting torque is generated on the 

5 shaft 36 and another shaft The press force at tiiat 
time is transmitted from the thrust washer 48 to the 
tiirust washer 54 through the thrust bearing 56 and 
stopped by the first carrier 22. 

When the supply of pressurized fluid from the 

70 outside pressure source is stopped, the press ac- 
tion of the second piston 28 is lost The differential 
limiting torque disappears at tills time, thus, the 
differential gear 32 can perform the usual differen* 
tial motion. 

76 In the embodiment shown in Rg. 2. when the 
CPU 104 judges the differential motion to be limit- 
ed with large torque, the directional control valve 
90 Is changed over to locate the first envelope 91a 
opposed to the tubes 64.84. Then, the pressurized 

20 fluid is supplied to the piston chamber 60 through 
tiie tube 64 to shift the first piston 26 and then the 
second piston 28. By the shift of the second piston 
28 are sandwiched the first and second trictional 
materials 18^0 between the second piston 28 and 

25 the sandwiching portion 46 of the tiwsmitting 
member 42. At this time, the large differential limit- 
ing torque is generated on the shaft 36 and another 
shaft. 

When tiie CPU 104 judges the differential mo- 
30 tion to be limited with small torque, the directional 
control valve 90 is changed over to locate the 
second envelope 91b opposed to the tutses 64,84. 
Then, the pressurized fluid is supplied to the fluid 
chamber 80 through the tube 84. Therefore, the 
35 first and second frictional materials 18,20 are sand- 
wiched with small force. 



Claims 

40 

1. A limited slip differential (10) for limiting the 
differential motion generated by the co-operation of 
a differential case (12). a plurality of pinions (14) 
and a pair of side gears (16) respectively disposed 

45 in tiie differential case (12) tiirough frictional force 
resulting from tiie contact of a plurality of first 
frictional materials (18) engaging one side gear 
with a plurality of second frictional materials (20) 
engaging the differential case (12), comprising: 

50 a differential carrier for supporting rotatably said 
differential case (12). sun-ounding said differential 
case (12) and tirst and second frictional materials 
(18,20) and having a piston chamber (60) con- 
nected to an outside pressure source; 

55 a first piston (26) disposed shiftably and un- 
rotatably in said piston chamber (60); 

a second piston (28) disposed rotatably togetiier 
with one of said first and second frictional materials 
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(18^0) and shiftably along a rotary axis of said 
differential case (12); and 

a thrust bearing (30) disposed between said first 
and second pistons (28.28). 

2. A limited slip differential (10) as claimed in 
claim 1, wherein said differential carrier is con- 
stituted from a first carrier (22) surrounding said 
differential case (12) and a second carrier (24) 
sun^oundtng said first and second frictional materi- 
als (18.20) and formed separately from said first 
carrier (22). said second earner (24) being fixed to 
said first canrier (22). 

3. A limited slip differential (10) as claimed in 
claim 1, wherein said differential carrier has at least 
a hole (25c) extending axlally from said piston 
chamber (60) and said first piston (26) has at least 
a pin (27) projecting axlally. the number of said pin 
(27) being the same as that of said hole (25c) and 
each pin (27) being inserted into each hole (25c) of 
said differential carrier, thereby blocking the rota- 
tion of said first piston (26). 

4. A limited slip differential (10) as claimed in 
claim 3, wherein the depth of each hole (25c) and 
the length of each pin (27) are formed longer than 
the stroke of the first piston (26). 

5. A limited slip differential (10) as claimed in 
claim 1, further comprising a plurality of springs 
(70) disposed at circumferential intervals in said 
piston chamber (60). 

6. A limited slip differential (10) as clamed in 
claim 1. wherein said first frictional materials (18) 
are supported shiftably in the axial direction and 
unrotatably by a spacer cylinder (40) fitted on a 
shaft (36) extending from said one side gear (16). 
and wherein said second frictional materials (20) 
are supported shiftably in the axial direction and 
unrotatably by a transmitting member (42) fixed to 
said differential case (12). 

7. A limited slip differential (10) as claimed in 
claim 6, further comprising at least a thrust washer 
(48,54) and a thrust bearing (56) respectively dis- 
posed between said transmitting member (42) and 
said differential carrier at the opposite side of said 
first and second pistons (26.28). 

8. A limited slip differential (10) for limiting the 
differential motion generated by the co-operation of 
a differential case (12). a plurality of pinions (14) 
and a pair of side gears (16) respectively disposed 
in the differential case (12) through frictional force 
resulting from the contact of a plurality of first 
frictional materials (1 8) engaging one side gear 
(16) with a plurality of second frictional materials 
(20) engaging the differential case (12). comprising: 

a first differential carrier (22) for supporting 
rotatably said differential case (12) and surrounding 
said differentia! case (12); 

a second differential carrier (24) surrounding said 
first and second frictional materials (18.20) and 



having a piston chamber (60) connected to an 
outside pressure source and at least one hole 
(25c) extending fi'om tiie piston chamber (60) ax- 
lally, the second carrier (24) being formed sepa- 
5 rately from and fixed to said first differential carrier 
(22); 

a first piston (26) disposed shiftably in said piston 
chamber (60) and having at least one pin f27) 
axiaily projecting to be inserted into tiie said hole 
70 (25c). the number of said pin (27) being the same 
as that of the hole (25c): 

a second piston (28) disposed rotatably togetiier 
with one of s^d first and second frictional materials 
(18,20) and shiftably along a rotary axis of said 
75 differentia) case (12); and 

a thrust bearing (30) disposed between said first 
and second pistons (26,28). 

9. A limited slip differential (10) for limiting tine 
differential motion generated by the co-operation of 

20 a differential case (12). a plurality of pinions (14) 
and a pair of side gears (16) respectively disposed 
in the differential case (12) through frictional force 
resulting from tiie contact of a plurality of first 
frictional materials (18) engaging one side gear 
25 (16) with a plurality of second frictional materials 
(20) engaging the differential case (12), comprising: 
a differential carrier disposed to surround said 
differential case (12) and having a piston chamber 
(60) and a fiuid chamber (80) respectively con- 
so nected to an outside pressure source, said fluid 
chamber (80) having a pressure receiving area 
sm'aJier than that of the piston chamber (60); 

a first piston (26) disposed shiftably and un- 
rotatably in said piston chamber (60) and having an 
35 auxiliary piston (86) engaging shiftably said fiuid 
chamber; 

a directional control valve (90) changed over to 
supply pressurized fiuid from said pressure source 
to said piston chamber (60) or fiuid chamber (80); 
40 a second piston (28) disposed rotatably together 
with one of said first and second frictional materials 
(18.20) and shiftably along a rotary axis of said 
differential case (12); and 
a thrust bearing (30) disposed between said first 
45 and second pistons (26.28). 

10. A limited slip differential (10) as claimed in 
claim 9. wherein said differential carrier is con- 
stituted from a first carrier (22) surrounding said 
differential case (12) and a second carrier (24) 

50 surrounding said first and second frictional materi- 
als (18.20). the second carrier (24) being formed 
separately from and fixed to said first carrier (22). 

.11. A limited slip differential (10) as claimed in 
claim 9. wherein said fiuid chamber (80) is formed 

55 into holes extending axiaily from said piston cham- 
ber (60). and wherein said auxiliary piston (86) is 
formed into portions projecting axiaily, the number 
of portions being the same as that of the holes and 
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each portion being inserted into each hole under a 
sealed condition, thereby each of said auxiliary 
piston portions functioning to receive pressure and 
block the rotation of said first piston. 

12. A limited slip differential as daimed in 5 
claim 11. wherein tine depth of each hole (80) and 

the length of each auxiliary piston portion (86) are 
fonmed longer than the stroke of the first piston 
(26). 

13. A limited slip differential as claimed in 10 
claim 9, further comprising a plurality of springs 

(70) disposed at circumferentiaJ intervals in said 
piston chamber. 

14. A limited slip differential (10) for limiting the 
differential motion generated by the co-dperation of 75 
a differential case (12). a plurality of pinions (14) 

and a pair of side gears (16) respectivley disposed 
in the differential case (12) through frictional force 
resulting from the contact of a plurality of first 
frictionai materials (18) engaging one side gear 20 
(16) with a plurality of second frictional materials 
(20) 

engaging the differential case (12). comprising: a 
first differential earner (22) for supporting rotatably 
said differential case (12) and sunrounding said 25 
differential case (12); 

a second differential carrier (24) surrounding said 
first and second frictional materials (18.20). formed 
separately from said first carrier (22) to be fixed to 
said first differential carrier (22) and having a piston 30 
chamber (60) and a fluid chamber (80) respectively 
connected to an outside pressure source, said fluid 
chamber (80) being formed into holes extending 
axially from the piston chamber (60); 

a first piston (26) disposed shiftably in said piston ss 
chamber (60) and having auxiliary piston portions 
(86) projecting axially the number of which is the 
same as that of said holes (80), the auxiliary por- 
tions (86) being inserted into the respective holes 
(80) under the sealed conditions; 40 

a directional control valve (90) changed over to 
supply pressurized fluid from said pressure source 
to said piston chamber (60) or fluid chamber (80); 

a second piston (28) disposed rotatably together 
with one of said first and second frictional materials 46 
(18.20) and shiftably along a rotary axis of said 
differential case (12); and 

a tiirust bearing (30) disposed between said first 
and second pistons (26.28). 
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